Records of Scattering Layers from New Zealand Seas 


B. M. Bary 1 


Hitherto the scattering of the ultrasonic 
pulses of echo sounding equipment attributa¬ 
ble to biological agency (Johnson, 1948; 
Kampa and Boden, 1954^) has not been re¬ 
corded from New Zealand waters. However, 
Dietz (1948) reported on occurrences, over 
extensive areas, of the deep scattering layer 
in the Pacific and Antarctic oceans, and on 
this ground alone, the presence of scattering 
in New Zealand waters could be expected. 
Recent investigations of occurrences and dis¬ 
tribution of plankton in New Zealand waters 
(Bary, in press) suggest an abundant zoo¬ 
plankton, and it would appear also that 
suitable hydrological conditions for the nec¬ 
essary concentrations of organisms may exist 
in the disturbed, mixed waters which occur 
within the New Zealand area. Again, large 
shoals of pelagic fish are frequently seen in 
the coastal waters. It is therefore consistent 
that records are available which show scatter¬ 
ing of sound from both plankton and fish. 

The notes which follow deal briefly with 
some of these records from New Zealand. 
Both deep and shallow scattering layers, mul¬ 
tiple layering, and scattering from fish shoals 
are discussed. One record is believed to show 
scattering from layers of zooplankton which 
are associated with a shoal of fish. Other 
records illustrate two related phenomena, that 
of separated multiple layers maintaining their 
identities throughout the ascent to the surface 
at night, and the converse—the differentia¬ 
tion and subsequent descent of separate layers 
from the surface at dawn. 
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materials 

The hydrographic survey being carried out 
by H.M.N.Z.S. ''Lachlan” is a continuing 
source of fathograrns of coastal and offshore 
waters. Other naval vessels and coastal and 
overseas merchant shipping have contributed 
many records from the high seas. "Lachlan” 
fathograrns are particularly useful for shallow 
scattering records. The other shipping offers 
a source for deep scattering records, but in 
fact, no scattering has been detected in any 
of the fathograrns from these ships. Some of 
the most useful records have originated in 
special investigations made in New Zealand 
waters by R.R.S. "Discovery II,” of the Na¬ 
tional Institute of Oceanography, England, 
and by the Danish Expedition in H.D.M.S. 
"Galathea.” I am most grateful for permis¬ 
sion to reproduce records from both of these 
sources. 

All examples of scattering have been ob¬ 
tained incidental to other requirements. For 
this reason the records are not always as clear 
as they might have been had the sounder 
been tuned to give maximum strength from 
the scattering layers. It is unfortunate, too, 
that promising records have been phased out 
in a number of instances; and additional dif¬ 
ficulties are met in the fading of some fatho- 
grams made on iodide paper. 

scattering layer records 

The localities and lineal extent of the rec¬ 
ords of scattering for the New Zealand area 
are shown in Figure 1. Figures 2 to 9 repro¬ 
duce some examples, and a general summary 
of all occurrences is given in Table 1. 

The ascents of the two shallow scattering 
layers are shown in Figure 2, a trace made 
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Fig. 1 . The localities and approximate lineal extent of scattering layer records from New Zealand waters. All 
available records are shown (and see Table 1), but not all are otherwise referred to in the text. 


from "Lachlan” in coastal waters, eastern of which is broken into parts, are visible 
North Island (L2, in Fig. 1). This is not a ascending between the bottom and the sur- 
strong record, but two separate layers, each face. Rate of ascent for both layers is at ap- 




































TABLE 1 

Some Features of the Scattering Records from New Zealand Seas 
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Some Features of the Scattering Records from New Zealand Seas 
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proximately 1.5 m. per minute. The first 
begins to ascend at about 2130 hours, arriving 
at the surface around 2240; the second layer 
begins 15 min. later than the first and arrives 
at the surface at 2300 hours. Depth of water 
is between 102 and 124 m. The nighttime 
concentration of organisms at the surface is 
masked by the transmission signal. However, 
marked concentration in depth becomes ap¬ 
parent in the 15 to 20 minutes preceding the 
dawn descent (Fig. 3. This record is part of 
that shown in Fig. 2). This single layer begins 
to descend at 0645 hours. Downward migra¬ 
tion is approximately 2.1 m. per min. during 
the first 30 minutes, but over the next 45 
minutes the rate is slower, at approximately 
1.3 m. per min. The layer retains its entity for 
a short while after it has reached the bottom. 

Early stages in the descents of two separate 
layers are illustrated in Figure 4, a "Lachlan’ 5 
trace from north of Cape Palliser (L4, in Fig. 
1). The first layer descends clear of the trans¬ 
mission signal at approximately 0430 hours 
and after a short descent appears to split into 
two layers. One of these two appears to join 
with a second, dense layer which begins to 
descend about 15 minutes later than the first. 
Rate of descent is at about 2 m. per min. In 
a "Galathea” record made over the Chatham 
Rise and shown in Figure 5 (G3, in Fig. 1), 
two separate layers, preceded by a dense sur¬ 
face concentration, are shown during the 
dawn descent. The downward migration com¬ 
mences about 0400 hours and is strongly in 
evidence by 0500 hours. Both layers appear 
to split into two. Rates of descent approxi¬ 
mate 1.3 and 0.6 m. per min. respectively for 
the first and second layers. The record rather 
abruptly fades out at 0515 hours. 

A second "Galathea” record, Figure 6, 
shows a scattering layer at its daytime level. 
At its deepest the layer is at about 183 m., 
but its depth varies considerably. This record 
was made between 1100 and 1230 hours in 


Fig. 2. The evening ascent of two separate layers in 
shallow coastal waters—the southern end of "Lachlan” 
record, L2, in Figure 1. 
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Fig. 4. The dawn descent of two separate layers, the 
first of which also splits into two; "Lachlan” record, L3. 

water of 330 to 550 m. seaward of Banks 
Peninsula (G4 in Fig. 1). 

Examples of more or less anomalous be¬ 
haviour of layers are shown in Figures 7 and 
8. Figure 7 is from a "Lachlan” fathogram 
made south of Napier (L3> in Fig. 1). It 
illustrates a scattering layer which is descend¬ 
ing to a deeper level between 2135 and 2155 
hours at which depth it becomes stationary 

Fig. 3. The dawn descent. Note the concentration 
of organisms in depth prior to the differentiation and 
descent of the layer; the northern end of "Lachlan” 
record, L2. 
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for 15 minutes (around 2200 hours), and then 
rises slowly. Sunset was at 1930 hours (mid- 
February, 1954) and darkness would have 
fallen about an hour before this trace was 
commenced. The trace is of even texture with 
a suggestion of subsidiary layers within the 
main one; it is probably the result of scatter¬ 
ing from zooplankton. If so, the record 
illustrates a curious reversal in the expected 
direction of movement of the organisms. It 
is possible that this special reaction is an 
effect of moonlight. The moon was in the 
first quarter and crossed the meridian at about 
2130 hours on the day in question. 

A "Discovery IT’ record (Fig. 8) made 
when approaching Foveaux Strait from the 
west (D3, in Fig. 1) is of strongly developed 
scattering most of which is remaining at 
depth. Sunset was at 1700 hours (May 1951), 
there was no moon, and it would have been 
dark for some time before 1950 hours when 
the record begins. The unevenly distributed, 
dense patches in this trace suggest that fish 
may have been the chief cause of the scatter¬ 
ing. Fish do not necessarily perform diurnal 
migrations, and thus the fact that the main 
body of the scattering organisms is not 
ascending might be explained. On the other 
hand, three or four distinct layers can be 
detected in the earlier (left-hand) one-fifth of 
the record. These penetrate the fish scattering 
and are ascending towards the surface at rates 
of 2.0 to 2.5 m. per min. Their appearance is 
suggestive of scattering from planktonic or¬ 
ganisms. This record may be indicative there¬ 
fore of fish following and feeding on concen¬ 
trations of plankton which are undergoing 
normal vertical migration. 

Some other records are available, believed 
to be of scattering from fish shoals. Figure 9 
illustrates one such record, made in the west¬ 
ern approaches to Foveaux Strait by "Dis¬ 
covery II,” earlier on the same day as that 


Fig. 5. The dawn descents of separated layers fol¬ 
lowed by splitting of each of the layers. The heavier 
trace in the second layer is suggestive of larger animals 
being present; "Galathea” record, G3. 
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Fig. 7. Anomalous behaviour of a scattering layer 
during darkness. At first it is descending deeper into 
the water, and then begins to rise again. The phasing 
of the sounder has displaced the transmission signal 
down the fathogram; ‘'Lachlan” record, L3. 


shown in Figure 8. The dense shoal (marked 
"Fish?”) would appear from its uneven dense¬ 
ness and patchiness, to be a large fish shoal, 
which then extends at lesser concentrations 
more or less parallel to the bottom. In view 
of the subsequent history of this zone of 
scattering—the record is continuous with that 
in Figure 8—it is possible that other pelagic 
organisms are contributing to it as well. 


Fig. 6 . A scattering layer maintaining a fluctuating 
daylight level in moderately deep water over the 
Chatham Rise; "Galathea” record, G4. 
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DISCUSSION 

Investigations of sound scattering of bio¬ 
logical origin are being pursued for their 
bearing on studies of animal behaviour, dis¬ 
tribution and ecology (Hersey and Moore, 
1949; Moore, 1950), physiology (Kampa and 
Boden, 1954*2/ 1954b) and on fisheries biology 
(Richardson, 1952; Haffner, 1952). Not all of 
the physical characteristics of those inverte¬ 
brate organisms which cause scattering are 
understood as yet (Smith, 1951, 1954), but 
the air bladder in certain fish is regarded as 
an excellent scatterer of sound (Marshall, 
1951; Hersey and Backus, 1954). The princi¬ 
ples emerging from investigations into these 
various aspects of the subject may be gen¬ 
erally applicable, but such principles are only 
to be derived from specific, detailed observa¬ 
tions from many different localities. 

Scattering layer development may vary from 
one area to another. Some of the variation is 
attributable to the distributions of the differ¬ 
ent organisms which are able to effect the 
scattering. Moore (1950) has discussed such 
variations in scattering in relation to the dis¬ 
tributions of several species of euphausiids in 
the north Atlantic. On the other hand, strong 
development of layers could result from those 
high concentrations of animals which may be 
associated with areas in which intermixing of 
contiguous bodies of water of differing prop¬ 
erties is taking place. Thus localised scattering 
might well occur in the upwelling waters be¬ 
lieved to be present at several localities about 
New Zealand (Garner, 1953). On a larger 
scale, scattering could be associated with the 
—possible—extensive disruption of the water 
layering and the resultant mixing of the waters 
where north-south moving masses cross the 
Chatham Rise (Fig. 1). This topographic bar¬ 
rier to unrestricted flow rises from about 2800 
m. to within 450 m. of the surface and lies 


Fig. 8. Probable fish records combined with layers 
of plankton (on the left of the record). The latter are 
visible as three or four ascending layers cutting through 
the dense fish record; "Discovery IF’ record, D3. 
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athwart the direction of movement of the 
water masses. Relevant to these points, it is 
of interest to note that the present examples 
of scattering are predominantly from two 
areas where mixed waters are believed to be 
present. One of these is to eastward of South 
Island, and is associated with the supposed 
area of disturbed water from the Chatham 
Rise obstruction. Moreover, the subtropical 
convergence migrates seasonally across this 
area, although its relationship to present ex¬ 
amples of scattering is not known. The sec¬ 
ond area, in the south west of South Island, 
is believed to be associated with mixing be¬ 
tween waters of subantarctic and subtropical 
origins (Deacon, 1937). 

The records presented from New Zealand 
waters appear to be similar in essentials to 
those made elsewhere. Their chief value lies 
in showing that development of scattering is 
fairly widespread in the area. Two features 
are noteworthy. Several records have illus¬ 
trated the successive descents from the sur¬ 
face of two or more separate layers, and 
conversely, the ascents up to the surface of 
distinct layers. Development of multiple lay¬ 
ering during the descent or ascent of a layer 
has frequently been recorded, but the writer 
is unaware of any published records in which 
such a separation into layers persists up to the 
surface, or develops at the surface prior to the 
descent of the organisms. 

The second feature is illustrated in Figure 
8. It is a matter for frequent conjecture 
whether scattering is caused by planktonic 
animals, notably euphausiids (Boden, 1950; 
Moore, 1950), or whether it is caused by 
predatory fish accompanying and feeding on 
planktonic organisms which are undergoing 
vertical migration (Hersey & Moore, 1949). 
In Figure 8, the large, dense masses of scat¬ 
tering have the appearance of fish shoals. 
Also, the distinct layers, present in the left- 
hand mass, are strongly suggestive of scatter- 


Fig. 9. Probable fish record made earlier in the day 
than that in Figure 8; "Discovery II” record, D3. 
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ing of planktonic origin. If the two types of 
scattering have been caused by fish and plank¬ 
ton as is suggested, this is a record of fish 
which are associated with ascending plank¬ 
tonic concentrations. 
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